Introduction
In Germany, about 30% of pupils have a migration background (Census Bureau 2009) . Riphan (2001) and Schnepf (2007) found that immigrants perform worse than natives in educational achievement surveys. As a consequence, immigrants are more likely to attend lower level tracks. However, immigrants should not be graded differently from natives with similar skills, as measured by test scores. Using two representative cross-sectional surveys for Germany, "Progress in International Reading Literacy Study 2001" (PIRLS 2001) and "Programme for International Student Assessment 2003" (PISA 2003) , this paper examines whether immigrant children are graded worse in math at the primary and secondary schooling levels after accounting for differences in math test scores.
Track choice after primary education is mainly determined by the average of grades obtained in math and German. The final degree from secondary school largely determines future labor market outcomes like income or the probability of becoming unemployed (Dustmann 2004 ).
Hence, grade disadvantages at the end of primary education could have serious long-term effects on a pupil's economic situation.
Only a small number of studies examined for Germany whether immigrant pupils are graded worse than natives once differences in skills are controlled for. Kristen (2006) finds no evidence as to whether immigrant children have a grade disadvantage in math or German at the end of primary education. In Ditton (2005) , immigrants are somewhat graded worse in the third grade. However, both studies are not representative for Germany, since the analyzed data have been collected for single federal states.
1 The paper that is closest to this analysis is Lüdemann & Schwerdt (2010) who primarily focus on track choice and potential earnings profiles of immigrants. Using PIRLS 2001 data, which were restricted to Western Germany, they find that second generation immigrants are graded worse in Math at the end of their primary education, although differences in cognitive abilities are additionally taken into account.
The setting in Sprietsma (2009) is somewhat different: Using identical sets of essays written by fourth-graders from German schools, she randomly assigns typical German and Turkish names to test the effect of teacher expectations regarding immigrant background on grades.
She finds that essays bearing Turkish names are significantly graded worse.
The analysis of the data leads to three main findings: (i) Class fixed effects estimates and results of a matching approach suggest that second generation immigrants attending primary school are graded worse than comparable natives. (ii) Regarding first generation immigrants in primary education, empirical evidence is not clear. Depending on the chosen specification, evidence for the existence as well as the non-existence of grade disadvantages can be given.
(iii) After track choice, immigrants are not graded differently from comparable natives.
This study contributes to the literature in several ways: (i) The focus on math grades is motivated by the assumption that grading-relevant characteristics are sufficiently captured by math test scores. 2 The problem of biased estimates due to omitted variables is broadly discussed here.
(ii) Regarding Germany, other studies solely focused on primary education. This study also evaluates the impact of immigrant background on grades at the most common secondary school tracks. (iii) Results of a non-parametric matching approach from the labor market literature allow a more precise interpretation of class fixed effects estimates.
The paper is organized as follows. Section 2 briefly describes the data and derives the estimation strategy. In section 3, the main results are presented and potential omitted variable biases are discussed. Section 4 concludes.
Empirical strategy

PIRLS 2001 and PISA 2003
Two Figure 1a and Figure 1b show some example exercises from PIRLS and PISA, respectively. These exercises also control for language skills, since pupils with a bad command of the German language may not fully understand the exercises which would result to lower test scores.
Apart from test scores, additional data were collected from questionnaires completed by students, parents, teachers and principals. Most information about the pupil, namely its math grades in the last school report and its migration background are obtained from the student questionnaire. 5 In both surveys, schools are the primary sampling unit. Within each school, classes have been randomly chosen. All pupils attending a drawn class participated in the tests on a voluntary basis.
Class fixed effects model
The impact of immigrant background on math grades is estimated with the following model:
(1)
‫ݕ‬ is the self-reported math grade of student ݅ attending class ܿ. ‫ݐܽ݉ݏݐ‬ is the test score in math. Within a schooling level or track, ‫ݐܽ݉ݏݐ‬ has mean 0 and standard deviation 1. ߣ controls for class fixed effects, while errors ߝ are clustered on class level. Migration background is captured by the dummy variables ݉݅݃ ଵ and ݉݅݃ ଶ , where the superscript distinguishes between first and second generation immigrants. A pupil is a first generation immigrant if it was born abroad. Second (or higher) generation immigrants are born in Germany and satisfy at least one of the following conditions: (i) at least one parent was born abroad or (ii) languages other than German are (also) spoken at home. A child is treated as a native, if it is born in Germany, as well as its parents, and German is the only language spoken at home.
In Germany, one subject is usually taught by the same teacher during the whole school year.
Hence, class fixed effects ߣ control for the average teacher effect on math grades. Grading practices usually differ among teachers. For instance, they can be influenced by average skills on class level (Himmler & Schwager 2007 and Dardanoni, Modica & Pennsi 2009 ), the (controversial) impact of class size and its determinants on student's performance (Angrist & Lavy 1999 and Wößmann & West 2006) or the teacher's aspiration level (Iacus & Porro 2008 6 The usage of class fixed effects (instead of teacher fixed effects) makes sense even if two classes are taught by the same teacher because these classes could be different e.g. in terms of shares of skilled pupils or in the progress in the syllabus, which could lead to differences in applied grading practices in those classes.
Summing up, ߚ captures the impact of grading-relevant characteristics, while ߛ ଵ and ߛ ଶ are expected to be estimated insignificantly. Calculations are carried out separately on the four subsamples primary school, Gymnasium, Realschule and Hauptschule. 7 In Germany, 1 is the best grade and 6 the worst. For the purpose of this study, math grades have been recoded to range from 0 (fail) to 5 (very good). As shown in Table 1 
Matching approach
The matching approach originates from the labor market literature. In Ñopo (2008) However, matching makes sense only for groups which do not differ too much in relevant characteristics. Figure 2 illustrates the distributions of math test scores of immigrants and natives. In most cases, the common area between the distributions of second generation immigrants and natives is larger than the common area between first generation immigrants and natives. Thus, a larger share of second generation immigrants can be matched on natives. Table 2 contains class fixed effects estimates of migration background on math grades. As expected, the highly significant estimates for math test scores imply that high test scores are correlated with better grades. Compared to natives, first and second generation immigrants attending primary school are graded worse 0.23 grades on average. Figure 3a depicts the distribution of grade gaps ߂ ሚ of matched first generation immigrants attending primary school.
Results and discussion
Main results
380 first generation immigrants from 199 classes were matched on 540 natives. 10 For test scores between -2 and 2, the 90% confidence band of the smoothed regression line runs below the zero-grade-gap line. Therefore, Figure 3a confirms the findings in Table 2 . Table 2 is caused by well-performing second generation immigrants.
Regarding Gymnasium, class fixed effects estimates imply that immigrants and natives are graded the same way. The matching approach confirms this finding since the smoothed regression lines in Figure 4a and Figure 4b do not significantly deviate from the zero-grade-gap line. For Realschule, it can be inferred from Figure 5a that the positive estimate for first generation immigrant status in Table 2 
Omitted variable bias?
Only in primary education, first and second immigrants are systematically graded worse. On the other hand, first generation immigrants attending Realschule or Hauptschule are graded better than comparable natives. Second generation immigrants in secondary education are not graded differently from natives.
However, results in Table 2 could be biased due to unobserved heterogeneity for at least three reasons. (i) Documents from the German educational ministry state that grading should solely depend on the student's performance in written exams and its oral participation (KMK 2009: 130) . It is likely that math skills and oral participation in math are strongly correlated. However, differences in oral participation are not taken into account in Table 2. (ii) Although estimates of test scores are highly significant, there is a possibility that math proficiency is insufficiently captured by math test scores. (iii) Other pupil characteristics, like sex or educa-tional background of parents, could additionally affect grading although math skills are controlled for.
In Table 3 , different sets of controls are taken into account: In the first columns math skills are considered as the only grading-relevant characteristic. Consequently, these estimates are identical to those in Table 2 . In the second columns of Table 3 , differences in self-reported oral participation in math are additionally controlled for. In both surveys, pupils were asked to which extent they agree with the statement "I frequently participate in math". The four possible outcomes of that variable have been decomposed into four dummy variables.
Comparing columns (1) and (2) in Table 3 shows that oral participation is strongly correlated with math grades. Regarding the impact of immigrant background on grades, however, estimates for immigrant status remain almost unaffected in primary education and Gymnasium.
In Realschule and Hauptschule, estimates for first generation immigrant status become insignificant. Thus one could draw the conclusion that first generation immigrants attending Realschule are not graded differently from natives if differences in math skills and oral participation are controlled for. From that point of view, the positive grade gaps in Figure 5a and Figure 6a are caused by higher participation rates of (a sufficiently large share of) first generation immigrants.
Instead of oral participation, reading skills are additionally controlled for in the third columns of Table 3 . Comparing columns (3) with columns (1) for all secondary school tracks, the point-estimate for reading skills is close to zero and insignificant. Estimates for the impact of immigrant background on math grades are almost identical in columns (3) and (1). In primary education, however, controlling additionally for reading skills yields insignificant point estimates for first generation immigrant status. Second generation immigrants in primary education are still graded worse but the absolute value of the estimate decreases by about 50%.
Depending on the schooling level, once differences in oral participation or reading skills are controlled for, estimates for the impact of immigrant status remain almost unchanged if oral participation and reading skills (columns 4) as well as other pupil characteristics (column 5) are additionally taken into account. Regarding columns (5), it is noteworthy that controlling amongst others for the highest educational background of parents does not change the coefficients for immigrant status. On average, immigrants' parents hold lower level school degrees.
However, differences in grading practices applied on immigrants and natives are driven by differences in socio-economic background variables. 
Do first generation immigrants in primary education suffer from grade disadvantages?
It can be inferred from Table 3 that immigrants in secondary school are not graded differently from natives. Regarding primary education, no clear answer can be given to the question whether column (1) or (3) should be considered as relevant for the research question.
One should rely on the results in column (3) if grading-relevant characteristics are additionally captured by reading skills. Hence, one must try to explain why reading skills have a large impact in primary education but are irrelevant in secondary education at the same time. There are at least three explanations for this pattern: (i) Math skills could be insufficiently measured in PIRLS since the math test took 20 minutes (Bos et al. 2003: 196) . In PISA, pupils were tested for a total of 210 minutes (Baumert et al. 2004: 29) . math tests in PIRLS control indirectly for differences in basic language skills since most exercises consist of short texts (see Figure 1a) .
Regarding primary education, there are convincing arguments which support and refute the hypothesis that reading skills do additionally capture grading-relevant characteristics in math once differences in math skills are taken into account. Hence, the scope of the grade disadvantage in primary education ranges from zero (insignificancy) to 0.23 for first generation immigrants and 0.12 to 0.23 for second generation immigrants.
Conclusion
Assuming that math test scores, as measured in PIRLS and PISA, sufficiently capture all grading-relevant characteristics in the subject math, this paper examined whether immigrants are graded worse in primary and secondary school if differences in math skills are controlled for. Class fixed effects regressions and results from a non-parametric matching approach suggest that immigrants attending the most common secondary school tracks are not graded differently from natives.
Regarding primary school, there is robust empirical evidence that second generation immigrants are graded worse than natives although differences in math skills are taken into account. More precisely, the related matching estimates imply that second generation immigrants who performed above-average in the PIRLS math tests are the group which suffers from grade disadvantages. Only if math and reading skills are considered as grading-relevant, first generation immigrants attending primary school are graded like natives.
In Germany, track choice after primary education mainly depends on the average of grades obtained in math and German. Consequently, grade disadvantages for immigrants in primary education could result to biased track choice which is supported by the results of Lüdemann and Schwerdt (2010) who find an educational disadvantage for second-generation immigrants at the transition to secondary schools. 12 This is a serious problem since (i) immigrants already account for 30% of the student body in primary education and (ii) track choice has a lifelong impact on the future economic situation of a pupil.
12 Most students do not change tracks after their initial choice, although it is generally possible (Schnepf 2002) .
Derivation and properties of the matching approach
Let ܺ be the set of observed math test scores of group ݇ (݇ ൌ ݊ǡ ݉) in class ܿ. ݇ distinguishes between natives ݊ and immigrants ݉. In the following, the subscript ܿ in ܺ will be omitted, since the results of the theoretical concept are the same for any class. ܺ consists of two subsets:
with ܵ ҧ ൌ ܺ ‫ך‬ ܺ ି and ܵ ൌ ܺ ‫ځ‬ ܺ ି , where Ȃ ݇ ൌ ݉ if ݇ ൌ ݊ and vice versa.
ܵ is the subset of ܺ which overlaps with ܺ ି , so ܵ ൌ ܵ ି . ܵ ҧ is the subset of ܺ with
Let ݃ ሺ‫ݔ‬ሻ ൌ ‫ܧ‬ሺ‫ݕ‬ȁ݊ǡ ‫ݔ‬ሻ and ݃ ሺ‫ݔ‬ሻ ൌ ‫ܧ‬ሺ‫ݕ‬ȁ݉ǡ ‫ݔ‬ሻ be the expected values of math grades ‫,ݕ‬ conditional on migration background and test scores ‫ݔ‬ ‫א‬ ܺ . ݃ ሺ‫ݔ‬ሻ may be considered as the grading practices applied on pupils with identical test scores and migration background. The difference in mean grades ߂ can be expressed as
where ݂ ሺ‫ݔ‬ሻ are the corresponding probability densities. Using equation (2) yields
Since
can be rewritten as
with
߂ ெ measures the part of the grade gap ߂ that is caused by matched natives and immigrants.
Substituting (7) into (5) yields
߂ can be decomposed into 3 components: ߂ is the part of the grade gap which is caused by unmatched pupils. Hence, ߂ disappears if there are no immigrants with characteristics that remain unmatched by natives. ߂ ெ consists of two parts:
explains the gap in mean grades due to differences in the distributions of test scores (of matched individuals). The second part,
is the "unexplained component" of the grade gap. 13 Since ߂ can be derived for any class ܿ,
Fair grading practices imply ݃ ሺ‫ݔ‬ሻ ൌ ݃ ሺ‫ݔ‬ሻ for any level of ‫,ݔ‬ since migration background should not be relevant for grading. It is noteworthy that equation (10) has a great flexibility because different grading practices may be applied in different classes since equation (10) allows ݃ ሺ‫ݔ‬ሻ ് ݃ ି ሺ‫ݔ‬ሻ if ܿ ് െܿ. Moreover, ݃ ሺ‫ݔ‬ሻ does not require any assumptions regarding the functional relationship between ‫ݕ‬ and ‫.ݔ‬
14
In this study, the following estimator of ߂ is proposed and implemented:
(11) 13 In the classical Blinder-Oaxaca setup, ߚ ሺ‫ݔ‬ െ ‫ݔ‬ ሻ is the counterpart of ߂ ா , while ‫ݔ‬ ሺߚ െ ߚ ሻ is the equivalent of the unexplained component ߂ . 14 For instance, the Blinder-Oaxaca approach assumes a linear relationship between ‫ݕ‬ and ‫.ݔ‬ ‫ܫ‬ is the number of suitable matching variables ‫ݔ‬ in class ܿ. Within each class a twin couple is constituted, if ‫ݔ‬ ଵǡ ൌ ‫ݔ‬ ଶǡ , where ݆ ൌ ͳǡ ǥ ǡ ‫ܬ‬ is the index of the twin couple which has been constituted on ‫ݔ‬ . The first sibling is always the immigrant child which is denoted by the superscript ͳ. In some classes an immigrant child with test score ‫ݔ‬ can be matched on more than one native sibling. In these cases ሺ‫ܬ‬ െ ͳሻ "clones" of the first sibling are created which are indexed by ݆. Hence ݅ܿ is the index of the common matching variable and ‫ܬ‬ is the number of twin couples that are constituted on ‫ݔ‬ . The inverse of ‫ܬ‬ serves as a weight.
݃ ሺ‫ݔ‬ ଵǡ ሻ and ݃ ሺ‫ݔ‬ ଶǡ ሻ is the math grade of the first and second sibling, respectively. The dif-
is the grade gap of the twin couple ݅, clone ݆ in class ܿ. Apart from measurement errors there are at least two unobserved variables, which are relevant for grading: former oral participation and former math skills. In PIRLS and PISA students have been asked to report the math grade in their last school report. That grade cannot depend on test scores which have been obtained few months later. Although one can assume that former and present math skills are highly correlated, no information about the frequency and quality of former oral participation is available. Thus, one must rewrite equation (11): Tables and figures Source: Bos et al. (2003: 200f.) . The more difficult the exercise, the higher test score which is measured by the scale on the left side This is an enlarged section of Figure 3a . For reasons of clarity, the scatter plot has been omitted. This is an enlarged section of Figure 3b . For reasons of clarity, the scatter plot has been omitted. Gymnasium is the highest secondary school track , Hauptschule the lowest. Math grades range from 0 (fail) to 5 (very good). The higher a pupil's math test score the higher its math proficiency. Within a schooling level or track, math test scores have mean 0 and standard deviation 1. The variable math test scores (class level) captures the average test score of the class that is attended by a pupil. A pupil is a first generation immigrant if it was born abroad. Second (or higher) generation immigrants are born in Germany and satisfy at least one of the following conditions: (i) at least one parent was born abroad or (ii) languages other than German are (also) spoken at home. A child is treated as a native, if it is born in Germany, as well as its parents, and German is the only language spoken at home. school tracks) for the secondary schooling level. Gymnasium is the highest secondary school track, Hauptschule the lowest. Math grades range from 0 (fail) to 5 (very good). The higher a pupil's math test score the higher its math proficiency. Within a schooling level or track, math test scores have mean 0 and standard deviation 1. A pupil is a first generation immigrant if it was born abroad. Second (or higher) generation immigrants are born in Germany and satisfy at least one of the following conditions: (i) at least one parent was born abroad or (ii) languages other than German are (also) spoken at home. A child is treated as a native, if it is born in Germany, as well as its parents, and German is the only language spoken at home. Regarding their oral participation, pupils were asked to which extent they agree with the statement "I frequently participate in math". This categorical variable has the four outcomes "I completely disagree", "I somewhat disagree", "I somewhat agree" and "I completely agree". It is decomposed into four dummy variables. In the fifth columns, other pupil characteristics (age, sex, preschool attendance and parental education) are additionally taken into account. All regressions include a constant and control for missing values in reading skills, oral participation and other pupil characteristics (results not reported). 
